Increasing world population demands for food, limited natural resources have created the risk of food security for current and future generations. Intercropping is regarded as an effective strategy in sustainable agriculture. Therefore, current study was carried out to evaluate the nutrient uptake of onion and fenugreek intercropping system during two growing season of (2015-2016 and 2016-2017) at a research field in Kerman, Iran. Two factorial experiments based on completely random blocks design with three replications were carried out. The treatments in this study were including: onion densities as the first factor (30, 25 and 20 plants m -2 ) and fenugreek densities as the second factor at three levels of 25, 15 and 12 plants m -2 with sole cropping of two species at these densities. Results showed that in the both of years, mineral concentration and uptake (N, P and K) of onion leaf and bulb and fenugreek in intercropping increased in comparison with mono cropping for two species. In both years, the highest and lowest nutrient content of onion was observed in the densities of 30 and 20 plant m -2 . In general, it can be said that intercropping systems have some positive effects on nutrient content and uptake of onion.
Introduction
Onion (Allium cepa L.) is an important economic vegetable crop which unique flavor is appreciated by people in every part of the world. Also, it is one of the most prominent commercial vegetable crop grown in Iran and thought to be originated in central Asia (Anthon & Barrett 2003) . Having high mineral and organic contents, onions are essential for human health (Raj & Yadav 2005) . It has low branched roots, so needs to supply adequate minerals. Intercropping onion with legumes have some advantages as follows: improved nutrient availability, soil structure, hormonal effects and reduced pest and disease incidence through rhyzodeposition. Fenugreek (Trigonella foenugraecum L.) is an annual crop from Leguminosae, being used as condiment and dried leaves to prepare spice. The vegetative parts are also rich in vitamins A, B and iron. In addition to fixing nitrogen, forming a cover on the soil surface, it hinders weeds growth and diminishes soil erosion (Basch et al 2003) .
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Ta r ı m B i l i m l e r i D e r g i s i -J o u r n a l o f A g r i c u l t u r a l S c i e n c e s 25 (2019) [238] [239] [240] [241] [242] [243] [244] [245] [246] Intercropping is a crop management system which involves two or more economic species grown together for at least a part of their respective productive cycle and planted sufficiently close to each other, so that inter-specific competition can occur (Ouma & Jeruto 2010) . The main advantage of intercropping is the more effective usage the available resources, reduced the nutrients leaching, keeping the soil fertility and enhanced productivity as compared the sole crop cultivation (Lithorgidis et al 2011) . A significant reason for intercropping is the improvement and maintenance of soil fertility and increasing the productivity per unit of land (Pozdíšek et al 2011) . Intercropping enhances soil fertility via biological nitrogen fixation of legumes, improves the soil protection through more ground cover than sole cropping, and provides better lodging resistance for crops vulnerable to lodging than when grown in monoculture (Ouma & Jeruto 2010) . A legume, grown in associated to other crop, especially with a cereal, have normally more productivity in cropping systems (Kamran Khan et al 2015) . Thus modern farming system intercropping implies a key strategy for sustainable agriculture (Jackson et al 2007) . Intercropping is a way to introduce more biodiversity into agro-ecosystems and the results obtained from intercropping studies indicate that increased crop diversity could increase the number of ecosystem services provided (Lithourgidis et al 2011) . Enhancing productivity via more effective use of available resources (light, water, fertilizer, etc.) is possible through intercropping which leads to diminished weed pressure and plant health protection (Hauggaard-Nielsen et al 2003; Banik et al 2006) .
Inorganic nutrients including nitrogen (N), phosphorus (P) and potassium (K) are fundamental macronutrient for growth and development of all living organisms. Being absorbed in large amounts, nitrogen contributes significantly to raise the onion production (Myaka et al 2006) . Phosphorus plays a vital role in cellular energy transfer, respiration, photosynthesis and root development (Alam et al 2016) . In soils which are contain moderately low P, onion growth and yield can increase by applied P. The beneficial effect of potassium can be found in different traits of agricultural products, such as photosynthesis, translocation of photosynthesis, regulation of plant, activation of plant catalysts and resistance against pests and disease (Malavolta 2006) . There are many studies demonstrating the superiority of intercropping legumes include intercropping wheat with soybean (Lithourgidis et al 2011) , wheat with fenugreek (Wasaya et al 2013) and maize with soybean (Owusu & Sadick 2016) . Also intercropping of legume crop (pigeon pea) in maize added up about 60 kg N ha -1 and improves the fertility status of soil (Myaka et al 2006) . Therefore, the objective of this study was to evaluate the intercropping system effect and density on plant nutrient concentration and uptake of onion and fenugreek.
Material and Methods
Two experiments were conducted during two successive growing seasons (2015-2016 and 2016-2017) in Agricultural Research Center; Kerman, Iran. (31˚7′ N, 57˚14′ E and 1749 MASL). Some properties of soil were shown in Table 1 . A factorial set of treatments was arranged within completely randomized blocks design (RCBD) with three replications. Intercropping pattern was additive series. The first factor was three onion distance (8, 10 and 12 cm) for densities (300000, 250000 and 200000 plant ha -1 ), and the second factor comprised of fenugreek distance (10, 15 and 20 cm) for plant populations of 250000, 150000 and 120000 plant ha -1 in both intercropping and mono cropping system. Fertilization was done according to soil analysis results and nutritive requirement of species. Any insect, pest and disease infections were not seen in the experimental field. In the present study, onion seed cv. 'Rossen' were planted in nursery, onions forty-five day old onion seedlings and fenugreek seeds were planted in the right side and fenugreek seed was sown in the opposite side of rows, by hand in December 2015 and September 2016 in intercropping treatment. Each single crop in the mono treatments was cultivated in the same site of lateral. All other agronomic operations except 240 Ta r ı m B i l i m l e r i D e r g i s i -J o u r n a l o f A g r i c u l t u r a l S c i e n c e s 25 (2019) [238] [239] [240] [241] [242] [243] [244] [245] [246] those under study were kept normal and uniform for all treatments. The fenugreek was harvested when plants reached the peak of vegetative growth, with marketable 2 and 4 month after planting before flowering. Onion bulbs were harvested 4 month after transplanting (when 80% of onion leaves had fallen). At maturity, five plants from each plot were collected randomly to determine parameters. The plant sample (leaf and bulb) of onion and (shoot) of fenugreek were collected from each plot and were dried for 48 hrs in hot air oven at 65±5 °C. Finally ground samples were passed through 0.5 mm mesh sieve and were used for chemical determination of nitrogen, phosphorus and potassium. The concentrations of potassium and phosphorus were determined by nitric perchloric and nitric acid digestion methods. Phosphorus was measured by the vanadate-molybdate method using a spectrophotometer HITACHI U-1100 at wavelengths of 430 nm and nitrogen was measured by the spectrophotometer HITACHI U-1100 at wavelengths of 650 nm that involved changing the form of organic nitrogen to the ammonium (NH4 + ) form with concentrated sulfuricacid and then measuring the amount of ammonium production (Baethgen & Alley 1989) , and K was determined using a flame photometer (Model 405G) methods described by (Cottenie 1980) . Nutrient uptake= Nutrients contents (mg) × Dry weight (g) Statistical analysis: Analyses of variance were applied to the data using SAS (Statistical Analysis System) version 9.1. And Excel software was used to draw figures. Then, means were compared by Duncan's multiple range test.
Results and Discussions
A: Onion, According to the results, the year effect on nutrient concentration and uptake was significant (P<0.01) ( Table 2 ). In the first year, leaf and bulb concentrations (N, P, K) of nutrient in onion were higher than the second year (Table  3 ). In the second year, nutrient uptakes were higher than the first. Average temperature and rainfall data ( Table 4 ) clearly show that in the second year, high temperatures at the early planting of onion affected on root growth and morphology of plants, and resulted in higher nutrient uptake by onions. Soil temperature has long been thought as a prominent ecological factor which determines a variety of structural and functional characteristics in managed and natural ecosystems. In some ecosystems, the root zone temperature is the most important factor in determining net primary productivity (Risser 1985) . Soil thermal regime has a dramatic effect on root growth and morphology. (Camilia 2001 ) discovered that the mineral status depends on some environmental factors including temperature, rainfall, parent material, plant species, and fertilization practice. The exact mechanism for temperature-induced changes in nutrient uptake capacity is not clearly understood. Root-zone temperature might affect nutrient absorption capacity by changing fluidity of the fatty acids in root plasmalemma. The most notable are the direct effects of soil temperature on biogeochemical processes that regulate N and water availability in the soil (Parsons et al 1994) .
Nutrients concentration (N, P, and K): The effects of onion and fenugreek densities on N, P and K concentration were significant (P≤0.01) and (P≤0.05). Nutrients concentration in leaf was decreased by increasing onion density (Table 2) . N, P and K maximum and minimum content in leaf were observed at densities of 20 and 30 plants m -2 , respectively (Table 5) . No significant difference observed in bulb N concentration among onion densities (Table 2) . While, the highest and the lowest P and K concentration of leaf and bulb were recorded in densities of 20 and 30 onions per m 2 , respectively (Table 5) . Also, N, P and K concentration of bulb and leaf were increased by intercropping onion with fenugreek as this trait was more at various densities of fenugreek compared to onion mono cropping. However, the effect of various densities of fenugreek on N, P and K concentration of bulb and leaf were statistically similar (Table 5) . Also the interaction effect of year and fenugreek density had Table 3 -The effect of years on mineral concentration and total mineral uptake of onion (Table 2 ). The lowest P concentration of leaf and bulb were obtained in density of 0 fenugreek (sole cropping of onion), while P concentration of bulb was increased by intercropping onion with fenugreek as this trait was more at various densities of fenugreek compared to onion mono cropping in the first year. However, the effect of various densities of fenugreek on P concentration of bulb was statistically similar in the second year (Figure 1) . The highest concentration of K (8.24 mg g -1 DW) was obtained under intercropping with 12 plants m -2 fenugreek in the first year, and the lowest concentration of K (5.78 mg g -1 DW) was observed in (sole cropping) of onion in the second year (Figure 2 ).
Nutrient Uptake: The effects of onion and fenugreek densities on nutrient uptake of onion were significant (P≤0.01) and (P≤0.05), respectively (Table 2) . Increasing onion densities, nutrient uptake by plant was decreased. The maximum and the minimum uptake of nutrient were observed at densities of 20 and 30 plants m -2 , respectively (Table 5) . Also, nutrient uptake was increased by intercropping onion with fenugreek as this trait was more at various densities of fenugreek compared to onion mono cropping. However, the effect of various densities of fenugreek on nutrient uptake of onion was statistically similar. Also the interaction effect of year and fenugreek density on the K uptake was significant (Table 2) , the highest (172.16 mg plant -1 ) was obtained under intercropping with 12 plants m -2 fenugreek in the second year, and the lowest K uptake was related to densities of 0 (sole cropping) onion and was statistically similar in the first year (Figure 3) . The results show uptake ha -1 values (Table 6 ); high densities of two crops confirms to the highest uptake ha -1 (26.14, 4.67 and 38.02 kg ha -1 ) for N, P and K recorded in combination treatment Nutrient Uptake: The effects of onion and fenugreek densities on nutrient uptake of onion we (P≤0.01) and (P≤0.05), respectively (Table 2) . Increasing onion densities, nutrient uptake b decreased. The maximum and the minimum uptake of nutrient were observed at densities of 20 a m -2 , respectively (Table 5) . Also, nutrient uptake was increased by intercropping onion with fenu trait was more at various densities of fenugreek compared to onion mono cropping. However, various densities of fenugreek on nutrient uptake of onion was statistically similar. Also the inter of year and fenugreek density on the K uptake was significant (Table 2) , the highest (172.16 mg obtained under intercropping with 12 plants m -2 fenugreek in the second year, and the lowest K related to densities of 0 (sole cropping) onion and was statistically similar in the first year (Figure 3 show uptake ha -1 values (Table 6 (; high densities of two crops confirms to the highest uptake ha -1 and 38.02 kg ha -1 ) for N, P and K recorded in combination treatment of 30: 25 plants m -2 onion a at mean of two years, while the lowest uptake ha -1 (14.99, 2.63 and 22.11 kg) for N, P and K was cropping treatment with 20 plants m -2 (onion) density for mean of years. Soil nutrient which were plant is a crucial resources for plant metabolism, especially to build cell structure and plan development. Nutrient absorption in plant roots, therefore will be similar with the nutrient in plant correlates positively with organic compound which was resulted from plant metabolism (Alam Onion is more vulnerable to nutrient shortages than most crop plants because of their shallow and root system; therefore, they cannot maintain adequate nutrients uptakeing such as phosphorous an which are known to diffuse slowly through the soil solution (Brewester 1994) . different nutrients uptaking by leaves and bulbs of onion influenced by intercropped fenugreek. In intercropping interactions could raise the root extent and microbial activity in rhizosphere (Zhang et al 2013) . In interaction in rhizosphere compositely affects nutrient availability and uptaking in intercrop (Hauggard-Nielsen 2003; Li et al 2010) . Intercropping onion with fenugreek increased the N, P a in leaf and bulb and total uptake N, P and K. This was probably due to higher nitrogen fixation by causing more utilization of all the nutrients by crop thus lead to more N, P and K content in le Studies have presented advantages of intercropping with legumes including tomato with commo El-Gaid et al 2014), Barely with fenugreek (Kamran Khan et al 2015) , and wheat with fenugreek ( 2013). Nutrient uptake was significantly influenced by cropping systems where onion plants were m uptake in plots that had onion intercropped with fenugreek at wider spacing compared with oth This could have been contributed by the fixed nitrogen which improved the plant nutrient uptak treatments. Although intercropping at narrower spacing also had fixed nitrogen, but the plan completion which led to increase nutrient uptake (Table 5) . Also, low densities of onion plant leads in competition between onion and fenugreek plants for resources and enhances soil fertility via Nutrient Uptake: The effects of onion and fenugreek densities on nutrient uptake of onion (P≤0.01) and (P≤0.05), respectively (Table 2) . Increasing onion densities, nutrient upta decreased. The maximum and the minimum uptake of nutrient were observed at densities of m -2 , respectively (Table 5) . Also, nutrient uptake was increased by intercropping onion with trait was more at various densities of fenugreek compared to onion mono cropping. Howe various densities of fenugreek on nutrient uptake of onion was statistically similar. Also the of year and fenugreek density on the K uptake was significant (Table 2) (Table 6 (; high densities of two crops confirms to the highest uptake and 38.02 kg ha -1 ) for N, P and K recorded in combination treatment of 30: 25 plants m -2 oni at mean of two years, while the lowest uptake ha -1 (14.99, 2.63 and 22.11 kg) for N, P and K cropping treatment with 20 plants m -2 (onion) density for mean of years. Soil nutrient which plant is a crucial resources for plant metabolism, especially to build cell structure and development. Nutrient absorption in plant roots, therefore will be similar with the nutrient in correlates positively with organic compound which was resulted from plant metabolism (A Onion is more vulnerable to nutrient shortages than most crop plants because of their shallow root system; therefore, they cannot maintain adequate nutrients uptakeing such as phosphoro which are known to diffuse slowly through the soil solution (Brewester 1994) . different nutri uptaking by leaves and bulbs of onion influenced by intercropped fenugreek. In intercropp interactions could raise the root extent and microbial activity in rhizosphere (Zhang et al 201 interaction in rhizosphere compositely affects nutrient availability and uptaking in inter (Hauggard-Nielsen 2003; Li et al 2010) . Intercropping onion with fenugreek increased the N in leaf and bulb and total uptake N, P and K. This was probably due to higher nitrogen fixatio causing more utilization of all the nutrients by crop thus lead to more N, P and K content Studies have presented advantages of intercropping with legumes including tomato with com El-Gaid et al 2014), Barely with fenugreek (Kamran Khan et al 2015) , and wheat with fenugr 2013). Nutrient uptake was significantly influenced by cropping systems where onion plants w uptake in plots that had onion intercropped with fenugreek at wider spacing compared with This could have been contributed by the fixed nitrogen which improved the plant nutrient u treatments. Although intercropping at narrower spacing also had fixed nitrogen, but the completion which led to increase nutrient uptake (Table 5) . Also, low densities of onion plant in competition between onion and fenugreek plants for resources and enhances soil fertilit of 30: 25 plants m -2 onion and fenugreek at mean of two years, while the lowest uptake ha -1 (14.99, 2.63 and 22.11 kg) for N, P and K was found in sole cropping treatment with 20 plants m -2 (onion) density for mean of years. Soil nutrient which were absorbed by plant is a crucial resources for plant metabolism, especially to build cell structure and plant grows and development. Nutrient absorption in plant roots, therefore will be similar with the nutrient in plant tissue and it correlates positively with organic compound which was resulted from plant metabolism (Alam et al 2016) . Onion is more vulnerable to nutrient shortages than most crop plants because of their shallow and unbranched root system; therefore, they cannot maintain adequate nutrients uptakeing such as phosphorous and potassium which are known to diffuse slowly through the soil solution (Brewester 1994) . Different nutrients (N, P and K) uptaking by leaves and bulbs of onion influenced by intercropped fenugreek. In intercropping system, root interactions could raise the root extent and microbial activity in rhizosphere (Zhang et al 2013) . Inter-specific interaction in rhizosphere compositely affects nutrient availability and uptaking in intercropping system (HauggardNielsen 2003; Li et al 2010) . Intercropping onion with fenugreek increased the N, P and P content in leaf and bulb and total uptake N, P and K. This was probably due to higher nitrogen fixation by the bacteria causing more utilization of all the nutrients by crop thus lead to more N, P and K content in leaf and bulb. Studies have presented advantages of intercropping with legumes including tomato with common bean (Abd El-Gaid et al 2014), Barely with fenugreek (Kamran Khan et al 2015) , and wheat with fenugreek (Wasaya et al 2013) . Nutrient uptake was significantly influenced by cropping systems where onion plants were more nutrient uptake in plots that had onion intercropped with fenugreek at wider spacing compared with other treatment. This could have been contributed by the fixed nitrogen which improved the plant nutrient uptake over other treatments. Although intercropping at narrower spacing also had fixed nitrogen, but the plant was strong completion which led to increase nutrient uptake (Table 5) . Also, low densities of onion plant leads to reduction in competition between onion and fenugreek plants for resources and enhances soil fertility via atmosphere nitrogen fixation into the soil (150 tons year -1 ). Legumes increases soil conservation through more cover on ground than sole cropping (Oroka & Omoregie 2007) . Results indicated that maize and soybean intercropping caused an increase in phosphorus (5.25 mg kg -1 ) (Owusu & Sadick 2016) . (Zhang et al 2009 ) studied the effects of maize-peanut and stated that intercropping could increase soil bacteria in the both of maize and peanut root zones. Also, improved uptake of N, P and K nutrients might be attributed to higher dry matter accumulation with density decrease leading to higher uptake of N, P and K. Similar results of increased uptake of N, P and K due to wider row spacing were reported by (Thavaprakaash & Velayudham 2007) in baby corn. The increase in the onion density enhanced the uptake of plants ha -1 (leading to an increase in uptake). In general, the more N uptake, the more crop tendency to absorb more P and K. This is similar to the findings of (Rathika 2013) in maize. (Gahoonia et al 2006) stated that plant nutrients such as (K) and (P) mostly remain fixed in soils and their bioavailability to plant roots is diffusion-limited. The increased uptake of nutrients is possibly due to higher photosynthetic rate and nitrate reductase activity led to better uptake of N by the crop. Generally, when the uptake of N is more, the crop would have a tendency to absorb more P and K. This is in line, these findings are in accord with those of (Kumar Dubey et al 2012).
nitrogen fixation into the soil (150 tons year -1 ). Legumes increases soil conservation through m ground than sole cropping (Oroka & Omoregie 2007) . Results indicated that maize and soybean caused an increase in phosphorus (5.25 mg kg -1 ) (Owusu & Sadick 2016) . (Zhang et al 2009 ) stud of maize-peanut and stated that intercropping could increase soil bacteria in the both of maize a zones. Also, improved uptake of N, P and K nutrients might be attributed to higher dry matter with density decrease leading to higher uptake of N, P and K. Similar results of increased uptake due to wider row spacing were reported by (Thavaprakaash & Velayudham 2007) in baby corn in the onion density enhanced the uptake of plants ha -1 (leading to an increase in uptake). In gen N uptake, the more crop tendency to absorb more P and K. This is similar to the findings of (Ra maize. (Gahoonia et al 2006) stated that plant nutrients such as (K) and (P) mostly remain fixe their bioavailability to plant roots is diffusion-limited. The increased uptake of nutrients is p higher photosynthetic rate and nitrate reductase activity led to better uptake of N by the crop. G the uptake of N is more, the crop would have a tendency to absorb more P and K. This is in line, are in accord with those of (Kumar Dubey et al 2012) . nitrogen fixation into the soil (150 tons year -1 ). Legumes increases soil conservation through more co ground than sole cropping (Oroka & Omoregie 2007) . Results indicated that maize and soybean intercr caused an increase in phosphorus (5.25 mg kg -1 ) (Owusu & Sadick 2016) . (Zhang et al 2009 ) studied the of maize-peanut and stated that intercropping could increase soil bacteria in the both of maize and pean zones. Also, improved uptake of N, P and K nutrients might be attributed to higher dry matter accum with density decrease leading to higher uptake of N, P and K. Similar results of increased uptake of N, P due to wider row spacing were reported by (Thavaprakaash & Velayudham 2007) in baby corn. The in in the onion density enhanced the uptake of plants ha -1 (leading to an increase in uptake). In general, th N uptake, the more crop tendency to absorb more P and K. This is similar to the findings of (Rathika 20 maize. (Gahoonia et al 2006) stated that plant nutrients such as (K) and (P) mostly remain fixed in so their bioavailability to plant roots is diffusion-limited. The increased uptake of nutrients is possibly higher photosynthetic rate and nitrate reductase activity led to better uptake of N by the crop. Generally the uptake of N is more, the crop would have a tendency to absorb more P and K. This is in line, these fi are in accord with those of (Kumar Dubey et al 2012) . on mineral content and total mineral uptake of fenugreek (P≤0.01) in intercropping of onion and fenugreek. Fenugreek means comparisons (Table  7) revealed that the highest uptake plant ha -1 was related to 25 plants m -2 density and there was no significant difference in content and uptake by plant among fenugreek treatments. In intercropping system, the maximum mineral content of fenugreek was obtained under mono cropping (sole fenugreek), while no significant difference was observed in intercropping treatments. In contrast, the minimum total mineral uptake of fenugreek was obtained under mono cropping (sole fenugreek), while there was no significant difference in uptake among intercropping treatments (Table 7) . Also, effects of onion and fenugreek densities interactions were significant on P and K uptake of fenugreek (P≤0.05). The highest fenugreek P and K uptake were observed in intercropping with 15:25 (fenugreek: onion) densities, while the lowest fenugreek P and K uptake were recorded mono cropping (sole onion) (Figure 4 and 5). Legumes are distinguished to fix atmospheric nitrogen into the soil, thus enriching soil fertility, and help to satisfy the N needs of cereals. Fenugreek being leguminous crops did not compete with onion for N for its growth and development besides, fixing of atmospheric N in soil. Also, onion and fenugreek have different root depths and architectures as well as different requirements for soil N, P and K. Fenugreek roots act as a source of nitrogen for plant as a result enriches the soil with nitrogen. Therefore, increase in the nutrient concentration of fenugreek was associated with increase in uptake of these nutrients in fenugreek. This can again be supported by synergistic uptake mechanism of N, P and K and their assimilation which is manifested in the form of increase in yield along with higher nutritional demand for plant growth. These results are in close conformity with findings of (Tuncturk et al 2011) . 
Conclusions
This study was conducted in order to evaluate the effects of densities of onion and fenugreek in mono cropping and intercropping systems. According to the results, indicated that the mineral content and total mineral uptake by onion was increased when onion was intercropped with fenugreek. Therefore, the onion-fenugreek intercrop would be suitable to small-scale farmers who do not have adequate resources for purchase of chemical nutrients.
The system would also be very ideal for organic vegetable production, in which chemical application is not desirable.
